Objectives: To investigate the time-dependent changes in plasma levels of interleukin-6, C-reactive protein, and tumor necrosis factor-α in patients with type A aortic dissection (TAAD) who received unoptimal medical management since the onset of dissections. Design and methods: Plasma levels of interleukin-6, C-reactive protein, and tumor necrosis factor-α were detected by ELISA and immuno-turbidimetric assay in 92 TAAD patients at hospital admission. Blood samples from 78 patients with uncontrolled hypertension and 82 healthy volunteers were also analyzed as controls. The occurrence of TAAD-related complication and its relationship with the plasma levels of these inflammatory biomarkers was also investigated. Results: The concentrations of inflammatory mediators were significant higher in TAAD than those in the uncontrolled hypertension and the healthy group. The time to peak plasma level of IL-6.and TNF-α was shorter than that of CRP in TAAD group. In the TAAD group, 51 patients suffered TAAD-related complications, and their plasma level of CRP was significantly higher than that in patients without TAAD-related complications (94.5 ± 58.8 mg/L versus 47.4 ± 47.8 mg/L, p < 0.001). Also, CRP levels strongly correlated with the value of PaO 2 /FiO 2 ratio (r = −0.69, p < 0.001) and creatinine (r = 0.60, p < 0.001). The time to the peak level of CRP was shorter and the duration of persistently high CRP level was longer in the complication group than those in the complication-free group.
Background
The Stanford type A aortic dissection (TAAD) is a catastrophic cardiovascular condition associated with severe morbidity and mortality [1, 2] . Patients without optimal medical treatment have a mortality rate of 50-68% during the first 48 hours after an acute event, with a mean mortality of up to 1% per hour, and reaches as high as 90% within 3 months [3] . Despite the continuous advances of diagnostic technologies during recent years [4] , it remains difficult to assess the progression of TAAD accurately.
Aortic dissection is characterized by medial degeneration with intimal tear and crossing of blood into the artery wall, leading to the formation of a false lumen and subsequent systemic inflammatory responses [5] . Interleukin-6 (IL-6), C-reactive protein (CRP), and tumor necrosis factor-α (TNF-α) are major pro-inflammatory cytokines, and their increasing levels have been demonstrated to be closely related to the progression of dissection and TAAD-related complications [6, 7] . However, the expression of these inflammatory biomarkers might be significantly affected by several anti-hypertensive and anti-inflammatory medications, and thus their clinical value might be greatly compromised [8] . Therefore, the present study was designed to investigate the plasma levels of IL-6, CRP, and TNF-α in TAAD patients who admitted without optimal medical management since the onset of symptoms. In addition, the potential relationship between the expression levels of these inflammatory biomarkers and TAAD-related complications was also determined.
Methods

Patient profile
The present study was a prospective, single-center, observational study. From August 2013 to February 2014, 156 patients admitted with TAAD at West China hospital were screened. Of these patients, 138 patients (88.5%) were transferred from rural and community hospitals and patients there received unoptimal medical management. After admission, all patients were managed according to current guidelines and 118 patients (75.6%) were treated surgically. Patients received stringent anti-hypertensive management, or treatment with statins, angiotensin-converting enzyme inhibitors or angiotensin receptor blocker within last 3 months at the time of enrollment were excluded. Moreover, patients with history of autoimmune or inflammatory systemic disease were also excluded. Of the 156 patients screened for participation, 21 patients refused participation in the study, 43 patients met at least one exclusion criteria, leaving 92 patients in the study (TAAD group). Meanwhile, 78 patients with uncontrolled hypertension alone (uHT group) and 82 healthy volunteers (Control group) selected among those attending our outpatient department were also enrolled in the present study. Our investigation was approved by the Institutional Review Board of West China Hospital in compliance with the Declaration of Helsinki (reference number: 2012150). Written informed consent was obtained from all patients before inclusion in this study.
Definitions and experimental protocol
The diagnosis of TAAD was confirmed in all patients according to the Stanford classification. Patients were divided according to the time of admission since the onset of symptoms (<0.5 day for T1, 0.5-1 day for T2, 1-2 days for T3, 2-4 days for T4, 4-7 days for T5, 7-14 days for T6, 14-30 days for T7, 30-60 days for T8, > 60 days for T9) (Figure 1 ). The dissection was considered as acute if the time from the onset of the symptoms to admission was within 14 days, while chronic TAAD is that over 14 days. The uncontrolled hypertension was diagnosed by a clinic record of systolic blood pressure ≥ 140 mmHg, and/or diastolic blood pressure ≥ 90 mmHg under the antihypertensive treatment. Serum creatinine in patients without a history of renal dysfunction exceeded 150% of the normal high limit was considered to be TAAD-related renal injury [9] . PaO 2 /FiO 2 ratio ≤ 300 was considered to be lung injury [10] . Other specifications of TAAD-related complication were defined according to 2014 European Society of Cardiology guidelines on the diagnosis and treatment of aortic diseases [4] .
Assessment of plasma inflammatory biomarkers
Heparin-anticoagulant venous blood was drawn at admission from all the patients. The plasma was obtained after centrifuging the blood at 1000 g for 15 min at 4°C and then stored at −80°C for further analysis. The concentrations of plasma TNF-α and IL-6 were measured and calculated by using ELISA technique (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. The plasma level of CRP was determined by immuno-turbidimetric assay (Beckman Assay 360, Bera, CA, USA). The detection limits were 0.5 pg/ml, 0.7 pg/ml and 0.17 mg/L for TNF -α, IL-6 and CRP, respectively.
Statistical analysis
Continuous variables are expressed as mean ± standard deviation, and categorical data as percentages or absolute numbers unless otherwise specified. Independent continuous variables were compared by unpaired Student's t test for normally distributed data, and Mann-Whitney U-test was used for the comparison of parameters that did not exhibit a normal distribution. Categorical variables were Figure 1 The distribution of patients with or without TAAD-related complications.
compared using Chi-square test or Fisher's exact test or other nonparametric tests as appropriate. The relationship between the values of inflammatory biomarkers and the incidence of TAAD-related complications was assessed by Spearman's correlation. Two-tailed p value less than 0.05 was considered statistically significant. Statistical analyses were performed using SPSS version 16.0 (SPSS, Inc, Chicago, IL).
Results
Demographics of patients
Apart from the plasma levels of inflammatory cytokines at admission, no significant differences were observed regarding age, sex and other clinical variables between the TAAD group and the uHT group. In addition, patients in the TAAD and uHT groups tended to be older than healthy volunteers. Baseline data of the TAAD group and other 2 control groups are summarized in Table 1 .
Plasma levels of inflammatory cytokines at admission
The concentration of IL-6 was significantly higher in patients with TAAD than that in the uHT (50.41 ± 42.95 pg/ ml vs. 5.82 ± 2.49 pg/ml, p < 0.05) and Control group (50.41 ± 42.95 pg/ml vs. 4.42 ± 2.12 pg/ml, p < 0.05). The level of CRP was significantly elevated in TAAD patients (68.02 ± 35.75 mg/L) compared with those in the uHT (4.68 ± 3.89 mg/L) and Control groups (3.08 ± 2.46 mg/L). Similarly, a significant increase of the plasma level of TNF-α was detected in TAAD patients ( Table 1) . The time to peak plasma level of IL-6.and TNF-α was shorter than that of CRP (Figure 2 ).
The occurrence of TAAD-related complications
Of the 92 TAAD patients recruited in our study (Table 2) , 51 patients (55.4%) suffered complications, and the distribution of patients admitted at different time points after symptoms onset was shown in Figure 1 . Patients with TAAD-related complications were slightly older than patients in the no-complications cohort. Plasma CRP in the complication group was significantly higher than that in the complication-free group (94.5 ± 58.8 mg/L versus 47.4 ± 47.8 mg/L, p < 0.001). Of the 51 patients evaluated with 88 complications, the most common complications were renal dysfunction, lung injury and aortic regurgitation (as shown in Table 3 ).
The values of inflammatory biomarkers in relation to complications
In TAAD patients, a significant negative correlation was found between CRP expression and PaO2/FiO2 ratio (r = −0.69, P < 0.001) ( Figure 3A) , whereas the relationship between the plasma level of CRP and serum creatinine demonstrated a negative correlation (r = −0.60, P < 0.001) ( Figure 3B ). The levels of TNF-α and IL-6 were not significantly correlated with the value of PaO 2 / FiO 2 ratio and serum creatinine. The time-dependent changes of CRP level in the complicationgroup (51 cases) and complication-free group (41 cases) were shown in Figure 4 . In the complication (−) group, the time to peak CRP (average 120.5 mg/L) was in T4 and then declined immediately. In the complication group, the CRP pattern reached to peak (average 140.5 mg/L) in T3 when earlier than complication-free group. Of note, there was a wider range time (T3-T5) of peak CRP in the complication group than that in the complication-free group.
Discussion
In the present study, we showed that the plasma levels of CRP, IL-6 and TNF-α were significantly increased in acute TAAD patients (before T6) compared to those in uncontrolled hypertension and healthy volunteers. The expression levels of these inflammatory cytokines peaked at the acute phase of TAAD and gradually declined at different stages of TAAD progression. More importantly, the time-dependent changes of CRP level, particularly the CRP pattern provided more information in terms of prediction of TAAD-related inflammatory complications. Our data strongly suggested a critical role of inflammatory responses in the development of TAAD and resultant systemic complications. CRP, a circulating and nonspecific inflammatory biomarker, has been shown to be elevated and varied with different stages of aortic dissection [7, [11] [12] [13] . Peak plasma level of CRP at admission is regarded as a predictor of adverse short-and long-term events in patients with TAAD [7] . Consistent with previous studies, we demonstrated a time-dependent change of CRP, which peaked in patients admitted on the 4 th day (T5) after symptoms onset and declined thereafter. Secondly, because CRP is a nonspecific inflammatory marker, it reflects not only the TAAD itself but also systemic inflammatory responses, leadig to pulmonary or renal injury [14, 15] . More importantly, in the complication group, the time to peak CRP was earlier and the duration of peak CRP was longer than in the complication-free group. These findings indicated a contributory role of inflammation in the progression of dissection, and further suggested that TAAD patients with persistently high CRP levels during the first 7 days from symptoms onset might be of great risk for major adverse events.
Significant elevation of IL-6 and TNF-α levels were also detected in patients admitted at the acute phase of TAAD (before T7) when compared with other 2 control groups. However, in patients with chronic TAAD (T7-T9), no significant difference between the chronic TAAD subgroup and the uHT group was observed. In addition, the changing patterns of these two inflammatory cytokines were slightly different. Nevertheless, the plasma levels of IL-6 and TNF-α both peaked during the 12 hrs to 24 hrs period, which was much earlier than CRP. Current evidence demonstrated a significant infiltration of macrophages and neutrophils in the dissected aortic wall [16] . These recruited leukocytes could release a series of pro-inflammatory cytokines, which would further accelerate the progression of dissection and lead to systemic complications. Since CRP is produced mainly in liver by the stimulation of many inflammatory cytokines [17] , it is understandable that the plasma levels of leukocytes-derived cytokines like IL-6.and TNF-α peaked earlier than CRP.
In the current study, the average values of CRP, IL-6 and TNF-α in patients with chronic TAAD and hypertension tended to be higher than those in the healthy controls (Chronic TAAD vs. Healthy, P = 0.06; uHT vs. Healthy, P = 0.09). As the mechanism of TAAD remained large unknown [18] , our findings accordingly confirmed that inflammation was closely involved into the pathogenesis of hypertension-induced aortic wall injury and the development of aortic dissection. Thus it is also important to follow up the plasma levels of inflammatory cytokines in patients with uncontrolled hypertension. If these biomarkers do not decrease after stringent control of blood pressure, there could be a potential risk of aneurysmal dilatation of the aorta that might lead to future dissection, and therefore, additional anti-inflammatory medications like statins for such patients might be a reasonable choice.
Limitation
There are several limitations in the present study. Firstly, because of the absence of serial blood samples spanning the first few hours period of TAAD progression, it is difficult for us to fully elucidate the changing patterns of CRP, IL-6.and TNF-α and their clinical values for diagnosis and prophylactic treatment of complications. Secondly, in order to avoid significant influences of several known drugs on the expression levels of inflammatory biomarkers, we recruited TAAD patients without optimal medical management. However, the rationality of the inclusion criteria remains to be fully discussed. Nevertheless, to the best of our knowledge, the present study firstly provided information on the changes of the inflammatory biomarkers, which were less affected by anti-hypertensive and antiinflammatory medications. In addition, we observed such a surprisingly high percentage of inappropriately treated patients from rural areas (78/92, 84.7%), indicating the urgent necessity and importance of the primary prevention for hypertension-related disease in the rural areas of China. Although this study was strengthened by its prospective design, the patient population is relatively small, and we cannot exclude the possibility that other confounders such as genetic factors (Marfan syndrome etc.), smoking, diabetes and use of β-blockers and missed medication history may have influenced our results.
Conclusions
In this small sample size, prospective study, we demonstrated that increased plasma CRP, IL-6 and TNF-α were significantly associated with TAAD. More importantly, the changing pattern of CRP might be a marker for diagnosis and prophylactic treatment of complications. Taken together, our data clearly indicated the critical role of inflammation in the progression of dissection and TAADrelated complications.
Patient informed consent
Written informed consent was obtained from the patients for publication of this study. Copies of the written consent are available for review by the Editor-in-Chief of this journal. Figure 4 The plasma levels of CRP in the complication (+) group and complication (−) group. The time to peak level of CRP was shorter and the duration of persistently high CRP level was longer in the complication (+) group than those in the complication (−) group.
